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1. T~ accordance with the”M?SWP letter to the Services ~d other
‘nter~st.eda~encies, subject: “Analysie of Atomic I“!:apons3fi’ectsProgrm”S
dated 2“ ?hrch 1953, the inclosed information has been prepared. This data,
relat$n,=to the current status of knowledge in the medical amd personnel
effects of atomic weapns, is specifically directed toward operational
reaufrements. Certain medical aspects, such as therapeutic problems, have
not ‘Geendiscuused ES they are outside the scope of this study.

2. The conclusions and reco~mnendations made in the study represent the
on~~fom of the p~~. ~. e~a~oration IS attempted. Definite statements are
~ade on which to Yase discussion at the conference scheduled for 10 September
1~53 at Headquarters, AFSWP, Vashlneton, D. C. :’lembersof the Ef:ects \
D{ :~:or v;ll present the c~re~t ~~le~e of basic physical mea8Urementfi *k

Pt the conference. ~>
W:

3* It is requested that the ~ncleawes be re’:iewedso that these and -&k
n~y problems that xay have keen o=itted CM be-e-~aluatedby the technical %: L

reyresentati--esat the conference with the objective of: $> $

~MJ~
a. Definitely establishing those f~elds of weapons effects in

\

:
which s~f~c~e~fj ~nfo~tion for operational needs is available and for whic~ 8’I’~
add;t:onal full scale test or R and D laboratory projects are not required. !J~ 1

<8 ~
k“. Ikfinttely e8tablishiqE a minimum requirement for additional ~ & ;:~

7u11 scale tests or R and D laboratory projects to fulfill operation~ needs? ~ $ ~
<z

~1.
Vo<’

The conclusions of the scheduled conference will be incorporated in C x
a~ o.:erallefibcts analysis study. Gp:
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Biomedical Air Blast Injuries,Direct

To determine the effects of direct air klast on animals.

A nkber of &ferentmethds for exposure of animals have keen
attempted including simple mesh c~es, sliding”cagesj open end
aluminum cylindera~ and foxholes.” me VEWfOUB methods~ .~th
the exception of foxholes, were designed so as to shield the
animals ~m secondary blast effects (missiles), thermal radia-
tion and some of the nuclear radiation. None of the containers
have been entirely satisfactory.

The complex problem of effects of direct blast resulting from
atomic detonation has not been solved; however, based on direct .
physical measurements of blast, extensive laboratory high explo-
sive studies, some human experience during the bombing of London
during World War 11 and the work done in Europe during the last
ten years, it is generally ag~eed that direct blast is not an
important cause of atomic weapons casualty production. Under
unusual circumstances, i.e. certain types of shelters, direct
blast might be the primary cause of casualties.

Zuckerman states that the lethal hl~st range for humans exposed
to HE detonations is in excess of 350 psi although some of the
above data suggest that the longer %Iast duration of ABD blast
waves may have a different effect. Anatomical damage can be
done at much lower psi levels. ‘Iherange of damage to eardrums
is h the order of seven to twelve psi. Wute titernal hemor-
rhages especially in the lungs and gas containing abdomind
viscera may appear at pressures in excess of 10 psi. Humans
exposed to ten to twelve psi in foxholes at UPSHOT-KNOTHOLE
noted no ill effects~

Physical measure~ents of direct blast pressures following
atomic detonation clearly demonstrate that fatal overpressures
occur only in the areas where either the nuclear radiation or
the thermal radiation will also insure fatality.

Direct blast is not important as a casualty producing agent
except under very unusual circumstances, For military purpcses,
the effects of direct blast of atomic weapons on personnel cm
be ignored. Casualties from blast effects result from indirect
effects, i.e. missiles or bodily displacement by the b<lastwave~ I

No further experimental work on the effects of direct blast
as related to an atcmic detonation is required, Special shelter
expertients are being carried out by other agencies and shoul$
be followed as they may lead to basic information of value. \

.—
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2.

App. 2, “Air BlastEffects of an Atomic Bomb Explosionn
CROSSROADS, dated 1 Angust 19146

Report No. 33, llBiological and Animal Container Studies”
SANDSTOIJJ,dated 1948.

WT-8, Annex 2.9, ‘lBlastInjuriesin FoxholesttGREENHOUSE,
dated 1951.

wr-ls,Annex2~3y‘tlhposureContainers for the Biomedical
FrogramtiGREENHOUSE.

MT-527, J’Biomedical Exposure Equiprentn SNAPPER, dated
December 1952.

WT-56L, ‘fOperation SNAPPER, JH’G,Apr-Jun 19S2, Final Tleportn

UK-35, ‘lDirectAir Blast Exposure Effects in Animalsm
UPSHOT-KNCTHOLE, dated June19~3.

DESERT ROCK IV and V.

Navy }@!006 018, Study of Blast.
Hazardsand tolerance levels in animals end man and the
development &protective devices. Panama City, Flcrida.

AEC - a. Studies redirect blast damage, UCLA.

b. st damage, Lovelace Clinic,

N
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Blocker, V. and Blocker, T. G., I)The Texas City Disaster”#
American Journal of Surgezy, 78:756, 1949.

Zuckerman, S., “Experimental Study of Blast Injuries to
LungsJ~,the Lancet, 1:219, 1940.

Zuckerman, ‘Experimental Work on Physiological Effects of
Blast”, Ministxy of Home Security, RC 108

Fisher, R. B., ~l~e Relationship Between Bdy size ~d the

Lethal Effects of Blastm, Ministry of Home Security, RC 284.

Kro.hn,P.L., et al, uEffect of Blast on the Heart and Headn,

RC 249, Ministry of Home Security.

Clemedson, Carl-Johan, flJnExperimental Study on Air B1-ast
Injuriest’,ACTA Physiolog Scand~ Vol. 18:1949.

“GerrnznAviation Medicine World Wax IIn pu’blishod‘byUSAF.

Dean, I!.M., “Effects of High R@osive Blast on the Lun6s”,
Lancet, 2:3940.

Zuckerman, S., “Blast Injuries to the

National Research Council, Div of Med
Blast Injurieslt,dated 11 Jwne 1953.

N

LWI$G”, La.ncet2:1?40.

Sciences, “Ftepoi-ton
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Biomedical ThcrrnalEffects—

To evaluate the biological thermal radiation hazard from an
atomic detonation including possible evasiVe measures, the
protective effects of structures and shelters, and the
protective effects of personal equipment including clothing and
protective cream.

Extensive thermal labcnatory and field experiments have been
conducted. Close working coordin~tion has been effected with
the ph;lsicalthermal msas~-ements in order to determine charac-
teristics of tha thermal pulse. Spectrum, intensitY f~n~fJtten-

uation fsctors have been evaluated by physicel measuring
devices as weil as by exposure equipm=nt specifically designed
to evaluate physic~l factors %’ actufil~Yb~~in~ biOIOgical
specimens.

physical indicators and animals have been utilized to determina
the p~otective effects of various types of shelters including
foxholes.

A combination of laboratory and field data have been usedto
evaluate protective effects of clothing and other personal
equipment. An active program has been initiated to develop a
skin simulanb which will replace th~ requirement for the use
of living biological specimens.

The time characteristics of tinethermal pulse have been deter-
mined for yields up.to 500 KT. These ch==cteristics make ~
evasive action impossible. The spectral characteristics fqr
eirburst have been determined. Surface bm.st spectral date is

not complete.

Threshold values for ]nunanskin have been determined for first
and second degree burns in humeriexperimentation and extra?n-
Iation of ,animd data obtcined in the field an~ laboratov is
adequate for the threshold Va-lucof tlnir&degree burns. Dark
skin is more sensitive than light. Tnis,of particular import-
zuncein the range of two to five calories.

Structures ard shelters includine foxholes offer complete

protection from Vjlermalinjury so 10RG as there is no lirleof
sight exposure of tin=targst.

Laboratom sources have ‘neendeveloped which adequately simulate
the bomb “pul~e fm th~ production of smell are= burns. Fisld
experience with th= pi~ indicates no essential tiifferencebetween
small and large area burns on cxpcsed skin. There is no accept-
able laboratory large area source available, but it is hoped that
a magnesium furn~ce will be put into o-perationttiisyear.

.as been partially evdueted in
the lab~ratory



S;i!T’LJS OF systems. Th. two layer system and ths importance of draptig
K’lL):~JJEDGE:h~s not been resolved. spectr~l vxiatiocs for suxxfacebursts
(Ct,nt’d) and lcrge yield xeapnns [ab6ve 100 KT) may influence fabric

protection. Fire resistant fabrics reduce secondary flame but

,q~
I do not appear ~ppreciably more resistmt to transmission of the

~~ar C~Dfl~~~ pri~~ puke.

r
,.o+e~\, ,+wst

Standard Navy Department flash crecm is effective in Protecting
~tir~-~k~~ ~~ k otheriqice unshielded skin and its possible use in selected

1
%2 CA km. s~.

operational situations should be considered.

C@NC!USIONS:For Gpers,tionalrequirements, basic airburst thermal radiation \

3 3787

data rel:itingto effects on unprotected skin is adequate.
Spectral variations for surfece burst and large yield weapons
need further ev~luutie~. The ~rote~tive effects of clothing

(less than four layer system) ~as been partially evaluated.
‘i’heinfluence of fire resisterltf~brics~ drapin&~ and v=iati~ns
in spectrum is rot resolved. The protective effects of shelters 1“
is kn(:.m.

Adequate iaboratc~ sources for small area burns are available
but a large arc= sc’~-ceawaits testing.

The prciblsmsassociated vith the pro’-ction offered by clothing
c,anbe appro~ch~d in ths laborato~ bui find verification will \

require field tests.

Sp:ctral variations can % resclv=d in the laboratory once I
.accuraze phmysical data is cbtair.ed.

Th> use cf ~~e bomb, as e-tocrmzl source, for evaluating mass
\c=cuai~ therapeutic mEthc& may be required.

9&;Gm
Office of the Su:geon Gsrl~rd, USA 3. T. Ham, Jr.

GREENHoUSE
University of Rochester H. E. Pear~ej MD
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TwBLm-mArPER.—
University of Rochester H. X. Pezwse, J4D

UPSHOT-!WOTWOLE.—
Q!ACResearch & Dev. Lab. J. F. O.ssterling
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A, To determine to what degree the flash of a nuclear
detonation impahs the vision and reduces the efficiency of
military personnel during daylight and night operations.

B, To evaluate protective devioes developed for the
purpose of protecting the eye against visual impairment result-
ing from excessive exposure to light.

Utiliztig hmnan volunteers and animals,a number of observa=
tions have been made, Human volunteers were exposed during
both daylight and nighttime operations and then studies made
of their tisual acuity. h addition, a theoretical tid
practical Iaboratiw approach was initiated in 19~1 and is
being continued at the U.S,A.F. School of Aviation Medicine,

Subjective and objective exzuninationof the Japanese
survivors of Hiroshima and Nagasaki demonstrabd Surprisbgw
little evidence of themml. injuqy to the eyes. In one group
of a thousand persons within two thousand yards of ground
zero no lesions of the fundus were found which could be attri-
buted to the thermal effects of the timb. -n the eye lids
(when the patient has sustained severe facial bum) showed
only occasional injury. A history of temporary (a few minutes)
blindness was elicited fmrn a few patients and an occasional
individual stated he was blind for a matter of clan. h this

latter case it was the opinion of the attending medical
personnel that hysteria might be responsible.

For discussion purposes, the~al eYe ~~V is difided
into three categories .

1. Temporary (flash) blindness? Evaluation of human
volunteers (ti crews) at bUSTER established no visual im-
pairment under daylight conditions where other hazards (heat,
blast and radiation) were not encountered.. Under simulated
nighttime conditions at TUMBLER-SNAPPER and UPSHOT-KNOTHO~$
there was definite temporary flash blindness in unprotected
individuals.

Individuals must be focused so that the detonation is in
the direct forward field of visions Even under nighttfie
conditions, there is no impaiment of fision ~ess the fi~-
ball is in the fo~i,ti field of vision.

2* Retinal IiIjury: Four tistances of retinal burns in
humans.have been encountem& Three of these occured under
complete dark adaptations at Operation SNAPPER and one
occurred under predawn {30 fiutes) u~ht~g conditions at
Operation UPS~-KNOTHOIJ?h In m-
Scotoma

of the above a permanent
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ver} the significant

N
of this finding in its relation to human m%inal burns awa:ts

b
further laboratory investigation* 3b+J ~lo &y2tib\es,

> d%’<’ 3. Protectim Dedcest h number of protective detices

o
~x

have been used. Experience at UPSHOT-KNOT~L.E demonstrated
that If all wave lengths wore screened out ~ adequate glasses
except between 600 and 600 millimicrons, there was completi

protection. 1 ~3Arn b~t ~ Lo %tk -FAG ~i14e\%D

CONCLUS1OIX5: Flash blindness during daylight and night operations will
not present an operational problem for ground troops- Daylight

operations till not be impaired for air crews~ L.OSSof visual

acuity under nighttime conditions presents an operation~
hazard for unprotected air crews. Glasses similar to those
used at UPSHOT-KNOTHOLE till give adequate protection for all.
operational requirements. /

\

If the fireball is in the forward field of vision, retina ~~‘
burns may be produced. ‘d

RECOMMENMTIONS :

1.

‘1
Further laboratory work is indicated to evaluate the :

findings in test animals in Operation UPSHOT-KNOTHOLE. 1
/]Additional field tests are not required for human volunteer ‘:f i

except to evaluate new types of protectim filters.
~,:1.

l!l..
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SUPPO;.TI1fG Studies on Flash Blindn.ss. USAF School of Aviation Medicine.
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3.
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J. J. Flick, MD. I!OcularLecions Following the Atomic
Bombing of Hiroshima and Nagasaki”, MMDC 936, 1> May ~947.

~enkwith, C. B., “Retinal Hemorrhage Seen in an Atomic Bomb
CasuQty”, Am. J. Ophth, 29:799~July 1946

Schlaegel, T. F., Jr., ‘Histo Patholo~ of Atomic Bomb
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To determine the puclear radiation hazards from an atomic
detonation including both internal and externsl hazards.

The primary o>jective of field teota hau been to study phenomeno-
10H as It occurs following a bomb detonation ao that suitable
radiat~on sources could be developed and evaluated for uae in the
laboratory. B+ouedical,procedure have been cloeelY coordinated
with applicable physical measurements of the radiation parameters.
Tn addition to actual expcxsureof biological specimens, where
correlations of lethality and ~.-ariousorgan uystem res~nses with
phystcal measurements were made,p~tom studies vere done to
evaluate the importance of depth dosage. These teats vere carried
out under co~ditlon8 of varying weapon desips and yields.

17xtersirepathological examination of the eqmaed anfinals,
includlng serial sacrifice 8tudies, were performed to obtain a
better basjc understmdinc of the radlatlon 6yndrome.

Internal hazards vere evaluated vhen suitable conditions were .
a~railable. The internal hazard problem has been compared to
existing animal data derfved horn laboratory experiments and a
limited number of human accidental exposures.

The Japanese data h~”oeen thoroughly analyzed and in the past
year add~tional vhole body radiation of hmarm has been
acconplfshed in conjunction with therapeutic xwllation problems~

protecti~e shelters and personal equipment, including gas masks,

collective protectors and clothing ha-;ebeen tested in the field.

STAT[JSOF
~~@~DCD: A. Ihternal Radiation

.
1. Gamma ,

i
a. Acute effect8$ The mechanism of action of radiation ‘

!S unknown. ?IIj5n of the prompt and the residual radia-
tion is still la.rGelyunknown, but comparison of effects in
the fjeld to those produced by laboratory radiation sources albvO
us to make reasonable assumptions regarding pssible effects.

Operational military toleran~es have been established,
R=ent human whole body studies in the lalmratory have verified
the tolerances in the range of O-lx roent~ens, In the mid-lethal
and lethal range, the dosa6es for mum are not well established.
Due to bfolo~ical ‘xcriation,the lethal dosage for a gi-.:en
individual s -.- . ~..“;.... :,L-,

IvcLOsLEm }70.4. 1
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SUFJ7XT: RadioloClcal Hazards From An ABD, Alpha, Beta, and Gamma Radiation

.

mc re The relative biological effectiveness of fy?unma
radiat.ion,as determined in the mouse, is essentially one (1)
compared with a 230 KVP x-ray machine. The RBE for man is nOt
definite.

l)ariat,fo~sj,n dose rate from 1 minute to ~ Dinutes
do not essentially n+fect the biological response. The data has
rot ‘seen determined for either extremely high dosages”delivered
~.na short period of time or for chronic dosaces, except to indi-
cate that f:eld data at +ery high dose rates in the mid-lethal and
lethal ran~e correlates well vith laboratory calibrations at lower
doaa~e rates.

The effective energy of a residual field and its
correspondi~g ~VE is under study at the present the~

Pat:xLogfcal studfes of animals at field tests reveal
no essential difference other than for species w~iation from the
patholo~ical exaninaiilonof Japanese fatalities at Hiroshima and
!-agesakl.

The prompt reactions or imedjately incapacitating
ef ects of vastly super-lethal dosnges is unknown* Recent
laboratory work will be discussed at the meeting.

ShieldinG afforded by military structures, including
$ox holes, is known or can be rou@ly calculated for any specific
structure.

-z* Chronic effects: No information has been obtained
under field conditions. A nm”oer of R and D projects sponsored
by variow a~encies ha.~eallowed us to make general predictions
8s to poss:’oleeffects. All of these.projects, however, have
.zeendone with animals and there is very little data available on
mm. The FEPA esti~natesand those appearing in the Handbook on
Jtomic l!eapons for Medical OfYicers represent best available
infornat$on. In General, there seems to be a significant recovery
.i’ollovingradiation -injuryso that tolerances to intepated
chronic dosa~es mIRybe si~-ificantly increased over those to
sin@e acute exposures.

2. 13eta.
The measurement of the external beta

a~.aila’oleinstruments is difficult. variou3
laboratory type measurements and theoretical

hazard with currently
estimates based on
cahalatlons have

—.
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indicated beta.~amma ratios of from 10 - 1 to several hundred to
one de-pendiw upon the conditions of rmasurc~ent. Estim “..t..eS
bared on the opinions of e~rienccd radiologists indicate that
for USU-I operational condition= there will.bo no extern ~1 beta
hazard unless there is an associ~ted IarCe garma hazard. This
hafibeen verif~ed, for the -se of f~ll out conwl~tion, by
experience ct field tists and a recent specific project designed
to Densuro the relative beta haz~e Thero are certain instances,
however, involvin~ isolated problens in which the beta hazard may
be kqxwtante

~ C@,*4= +@@--
~h aAriA1-iM.

3. Shielding
Adet.wte knowledge exists or can be calculated for the

shieldin~ effects of nili~ structures and field fortifications

B. Internal Radiation

The biological and Fhysical half lifes of the iqmrtant
fission fre~cnts are knovn. The relativo tiportance of alpha
and beta emitters vhen retained in the body in snounts above
tolerance levels is not lmo~m. Studies on radium d
r!esotlnorivmhave been extrapolated for alpha titters in excess
of tolerance amounts. ‘Ilmproblem of the s~le llhot~particle
has not been resolved.

a. Irilalationa The iqmrtince of ‘article size is kno’.m,
Studies based on J“IfGLE indicated no internal hazard from a ,-
snrface or sub-s~f’ace burst tiess ~ overwhe~n~ extcrn.”1
gama hazard is Trcsent. For ti crews operating thro~h an
atonic cloud, there is no significant intcrnfi hazerd unless
an overwhelmiw external hazard is Q.so Fresent.

Protective devices, includin~ gas nasks ad collective
protectors, have been tested and rive adequate protection.

b. Ince9tlon=- Food and water tilcrances have been estab-
Ifshcd which ~c reasonable for operational prposes. St.andfi
engineer field purification.syste= vfllladcqu~t,elydecontaminate
water. Food nay be decontadnated by ronoving the external
contexlmted surface.

COilCLUSIOi!S:Cur-rentoper~tiod rcq~emcnts can be fulfill~ with presently
available cxternd. effects information, . Further 1aborctory work
on humans in the range of 1 - 200 roentgens. including loqu-tern
follow up of the effects, is indicated.. I

Available lethal effects infor~tion is adequte except in the
field of p~rq~t response to overwhelming dosages.- Individual 1
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biological variations and the relatively small ground area
involved in the r~e between 300 . 60? ~entgens do not justify I
further nortality studies in animals.

Fhrther data is required to verify predictions of the effects of [
repeated exposures in the acute tolerance range.

The internal hazard is not of ope~.tlonal inportancc. If en
internal hazard is present, available protective devices are I
de{ uate.

REC(XKEIIDATIOiX: Continue laboratog studies on the nechmism and effects of
whole body radiation on man in the r~c of 50 - 200 roentgens. I

Field studies me reqtied to determine the range of imcdiate ‘I
inc.~.pacitntivedoses.

Continue studies on pmma spectrum, particul~ly involvi~ the I
residud field.

Iong-term inhalation studies are requ5red to evaluate the ‘single \
hot particlen problem.

Illentherapeutic r.roceduresare developed vhich might influence
the effect of radktion injury, field studies involvi.n~I!Bss I

casullty principles vill be required.
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“SUBJFcT: !hdiological Hc~&rds From an ABD, Neutrons -

OIIJECTIVE: The measurement of neutron effects on various ”blological
systems.

TEST PROCEDIJRE:~e resi~onsesOf biological ~stems have been calibrated
against ‘kno\mdoses of laboratory x-rays wrmitting the

“sT’,]~sOF

KNO!TLEDGE:

Incl 4’5

evaluation of neutron effects in-terms”of-
were exposed to the thermal column of the
boiler vhere a reasonable estimate of the
received In F= units could be determined
biological systems tested.

REM units. Mice
Los Alamos water
physical damage.
for the various

Xice and some other biological mnterials were exposed at
weapons tests ~Githinseven inch thick lead hemispheres
designed to protect them from blast and thermal radiation
and to eliminate gamma radiation which would otherwise
affect the same systems studied for neutron effects.

Lethality, atrophy of the spleen and thymus, mitotic depres-
sion of the testes, and iron uptake & the bone marrow all
showed an RBE of l.~ to 2.0 betneen x-rays and thermal
neutrons for mice exposed in the laboratory. RBE for cata-
mcts was greater by a factor of four or more. Tv70strains
of mice showing different sensitivities for x-rays demon-
strated the same RF3E for thermal neutrons. Little experi-
mental data for fast neutron exposures is available.

Initial calculations j.ndi”cztedtkt tileanimals cx4~sed at
wenFons tests within the hemispheres demonstrated about 9&F
of the neutron effect that they nould have shown had they
been ex~osed to t??eneutron radiation of the weapons in
free air. Recent work indic~t.esthat such shields attenuate
nSUtrOnS more sevcre~ fi~ ~is, ad that the correct
fi=~re mcy be no higher than 5~., demending to some extent
upon the extirnal neu~.ron s-oect~.

Various biological test systems in mice char:;cteristically
shoved different~~~ values at any ~iva station in the
vea~)wm tests, and the time of peak death following mid-
letnal exposures was less than that for comps-rablex-ray
doses, indicating that orgcn system radiosensitivities and
species mechanisms of deuth may differ soinewhatamong
different ionizing radiations. Grcwtest reliability and
consistency of data was found &ruonglethali~ and spleen
~d thy.musctrophy, with the letter proving most practical
for correlation ~iith physical data.

Comparison of RE!Jdata with physical measurements sho~ed
the biological response to be suite sensitive to neutron
spectrum. It is cleu thr.tthese biological systems operati
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S1’;!’rusOF as excellent indicators of the integrated biological effect
KNoaxDGE of bomb neutrcms even in the ebsence of physical spectral
(Cent’d): data; and their use in conjunction with limited physical

data allows them to be employed es relative neutron dosl-
mzters.

As predicted, the importance of neutron biological effect
conpared with bomb gamma varied markedly with -oeapondesign
and yield, ranging from insignificant where wea?on design
end yield were unfavorable to neutrons to a factor at least
as great as gemima(et the range of mid-lethal dosage) in
cases favorable to neutron release from the fission assemb~.

Xev9de test ~ata sho~ed neutrans penetrate soil less Tell
than fqmms; although foxholes provided less protection
from Sccttered neutrons than from scattered gammes. Neutron
induced activity in biological meterial has been showi=
Pr=senk no personnel hez=—-

Because of its sensitivi~ to specific ionization, genetic
mztericl hes proven useful in differentiating the importance
of ~mnma and neutron effects rhen both are present.

L!engerdata concerning neutron spectmm and relating neutron
effects to animal size and species differences has made
extrapolation of the weapons test information to man
extremely unreliable. A qualitative tlneozyh~s been
established Fermittlng the mouse field data to be viewed
CS the up er limit to the neutron res~nse (in term of

rREM units to be expected in men, but there is little
experimental confirmation of the assumptions involved.

Physical theoxy predicts that the range of nuclear r~dia-
tion effects, including” neutrons, vill be very greatly
increased at high altitudes. The above limitations on
the extrapolation of ~.-eaponstest neutron dnta @ man do
not permit an accurate estimate of the increase in neutron
biological effects to be anticipated under these circum- 1
sti.nccs.

There is no current ~.-orkbeing done with high doses of
neutrons delivered et VGIY high dose rates, comparable
with ~anmc experimentation non in progress where a prompt
bioloCicsl res<mnsc has been demonstrated under similar
circumstmnccs.

COJCLilSIOXS: The biclo=ticaldata suSgcst that the mechanisms of
response to neutrons may be some’:hatdifferent from
to x-rays in a given species.

those 11
‘fineeffect on neutron RE41~lues of protective lend henis-

has been improperly evaluated II

.

2
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CO!{CLIJSIONS Neutron biological effects appear to be very sensitive to
(Conb’d): the n.utron spectrum, end it is clear that biological

systems are good indicators of the integrated effect of
a neutron spectrum, but good correlation is hampered tY

II

lack of physical data.

The mouse data shorn that neutron biological effects are
important only in tho~e circumstances where weapon yield
and configuration favors neutron release and that in these
instances the neutron effect may be rou6hly comparable
to the gamma effect with distance, perhaps being even
greater at distances less tkn that where mid-lethzl gamma
dose is deliver~.

Foxhole shieldin~ appears to be less effective in protect-
ing again~t neutrons than against gammas.

The RBE of neutrons for cataract formation is high.

At high altitudes the range of neutrons relative to other
effects becomes increasingly important.

.REcoiim?DA- 1. To predict neutron rcsponce in man;
TIONS:

a. More experimental data is required;

(1) on tineresponse of mammalian species to
neutrons of different energies,

(2) on the response of animals of different size
and species.

b. Calculations of neufironpenetration in tissue
should be made.

01-. One more field test should be performed to obtain
good p~ysic=l dnta ouiside and inside ti.shemisph~res
to tie in previous biolo~ical data with good physical
mcasuremen ts.

a. Studies of physical spectrum to be correlated with
biological data,

b. Data should be obtained on the effect of the lead
hemispheres on the neutron spectrum.

3* Studies of high doses of neutrons with larger animals
when delivtired at very high dose rates.

4. Participation in high altitude tests if programed.

3
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6uBJEcTt Combined Injury

OBJECTIVE: To determine the effects of combined blast, thermal and radiation
tijuries.

TEST No specific field tests have been designed with this object~ve.
PROCEDURE: Experience at GREENHOUSE and UPSHOT-KNOTHOIl has given field datai

STATUS OF Analysis of the Japanese data indicated that there was a
.

KNokmE: number of comlined injuries but the nature of the data made
evaluation difficult. Charts will be presented at the conference
which show the probabilities of combined radiation and thermal
bums occurring in the same individual.

a. Burns and Radiation

(1) At G= HOUSE it was demonstrated that ‘if thezml
bums progress to a point of partial epithe13xdization, healing
proceeds in spite of mortal radiation injury. However, granulat-
ing biopsy wounds or bums become gangrenous or slough when

- si~s of radiation sickness develop”. Experience at UPSHOT-
KNOTHOLE was similar.

(2) Laboratory experience at Medical College of
Virginia in 1950 indicated synergism. Small, non-lethal con-
tact burns gave a high mortality rate when combined with non-
lethal amounts of radiation. These results were only partially ?
confirmed in the past year. Radiant energy burns apparently
produce a milder systemic effect and therefore a lower incidence
of mortality when combined with non-lethal radiation.

(3) RecentworkattheNavalfi~i.o~ogic~Defense
Laboratory with hot water burns was similar to the contact
bums at Virginia. ‘Radiant energy bums have not been fully
analyzed as yet.

b. Fractures and Burns

Combined fractures and burns have been studied in
dogs. The results indicated that plaster casts may be contra-
indicated in the treatint of fractures with overlying bums.
lntramedullar-y-nailing even thmgh the bum”wes more satis-
factciry~ The applicability to humane has not been evaluated.

c. Radiation and Surgery
Surgery (resection of bowel) following radiation had

no effect on either the recovery from surgery or the course
of the radiation syndrome.

s
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Ccxnbinedthermal and radiation injuries represent a
relatively small fraction of the total casualty Ioado

Ccmbined

blast and themal injuries represent an undeteded portion of
the total casualty load.

There is no evidence to indicate that radim~ :nergy
burns and radiation will materially affect the cl~lcalman~e-
ment of patients,

Further work is required to evaluate the problem of
fractures complicated with burns~
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